Distraction osteogenesis was introduced into the management of craniofacial microsomia some decades ago. It assumed almost instant popularity without evidence of advantage. Poor long-term results and high rates of relapse prove this technique is unsuitable for all but the most carefully selected patients. While innovation and technological advances are to be celebrated, it is vital that new procedures are rigorously tested against current protocols. It is also imperative, that thorough knowledge of disease pathology and pathogenesis are applied against new procedures. It is the view of the author that many painful, useless operations would be avoided if surgeons better understood these key fundamentals. Furthermore, there must be clear guidelines for the introduction of new techniques and devices, and this must happen independently of manufacturers.
Introduction
It is a privilege to have been asked to contribute to The use of distraction techniques was most commonly proposed for those varieties of the condition where a functional temporomandibular joint existed, and the application was made during growth. It was meant to replace those protocols that involved orthodontic management during growth 3 and end point surgery on both hard and soft tissue at maturity. Noted enthusiasts claimed that this innovation was the end of osteotomies. 4 By presenting a review of the literature I will show that a very different picture has emerged, which, when contrasted with the 'classic' protocol, casts severe doubt on the usefulness of the technique in this setting.
The discussion centres on the principles for the introduction of this new technology in surgery and the drivers for maintaining its popularity.
Inevitably the argument returns to the proposition:
'how could this be avoided?' This author tenders the view that a thorough knowledge of the pathology and pathogenesis of CM would have raised the doubts that have taken so long to emerge.
As a result there is a much wider problem to be addressed when introducing new technologies into established health care protocols.
The pathology and pathogenesis of craniofacial microsomia Embryology
The diagnosis, treatment and prevention of developmental disorders are increasingly based on the revelations of genetics and molecular biology as the aetiological basis of dysmorphic
syndromes. An understanding of normal development is needed to comprehend the complexities of the disease. Considerations of the very early stages of embryogenesis, sub cellular molecular biological mechanisms, differentiation, cytogenesis, histogenesis and morphogenesis, all of which constitutes a vast and increasing field of study, cannot possibly be covered. However, an appreciation of these underlying developmental phenomena must be borne in mind before framing and embarking on therapeutic regimes. 5, 6, 7, 8, 9, 10, 11 The ectoderm of the germ disc forms a neural plate that elevates along the axis of the elongating disc to create bilateral neural folds. These folds conjoin at The derivatives of the brachial arches that are pertinent to this paper are:
1. The first arch (mandibular) goes on to form the mandibular and maxillary processes. Its nerve is the trigeminal nerve, with its maxillary and mandibular divisions, and it gives rise to the mylohyoid muscles, the muscles of mastication, the anterior belly of the digastric muscle, tympani muscle and the tensor veli palatini. It also gives rise to bone and cartilage, namely the Incus muscle, the Incus, the Greater Wing of Sphenoid and the maxillary prominence and the maxilla, zygoma, palatine and squamous temple bones from its maxillary prominence. From its mandibular prominence it gives rise to Meckel's cartilage, the malleus and mandibular condyles. Subsequently, the mandible forms from around Meckel's cartilage, which acts as an initial template but ultimately disappears as the mandible is formed by membranous ossification of surrounding tissue. 2. The second arch gives rise to the hyoid muscle and its nerve is the facial nerve (V11 cranial nerve). It forms the posterior belly of the digastric muscle, the muscles of facial expression, stapedius and stylohyoid muscles, the major part of the stapes, the styloid process and the lesser horn and upper portion of the body of the hyoid bone.
It is the brain that drives the neurocranial develop- The natural history of the pathology continues through to maturity as parts of the craniofacial This gives rise to multiple secondary and tertiary effects; for example, the unilateral lack of muscle, and in the case of Goldenhar syndrome, the cervical vertebral anomalies giving rise to secondary muscle pull on the cranial base, producing distortions which in themselves produce added forces distorting the growing face. It is against this four dimensional complexity that appropriate protocols of management need to be put in place so that individuals suffering from these conditions obtain the best possible functional outcome. can be grouped into four:
Failure of fusion
This theory postulates that clefts result from failure of normally merging embryonic facial processes.
Incomplete mesodermal penetration and/or migration
This theory promotes the view that the facial processes do not contain free ends that need to fuse. Rather, the neural crests migrate into this envelope along a pre-determined pathway. The deficiency of both quality and quantity of free ends, or the ability of neural crests to migrate as stated above, causes the deformity. 
Vascular disturbances
The concept of an inter-uterine vascular event, whether it be causing embryonic hypoxia or producing a haematoma with indiscriminate damage of local cells, provides a particularly plausible explanation for the deformities of CM. 24, 25, 26 4. Mechanical disruption, for example, amniotic band or other extrinsic mechanical factors do not appear to be directly applicable to CM It is clear that the understanding of the pathology and the theories of pathogenesis of these complex conditions is being built upon, falsified and verified on a daily basis. It does not take a lot of imagination to understand that these basic four mechanisms are not in any sense mutually exclusive.
Birth to maturity and beyond
Before embarking on formulating a protocol for the management of patients suffering from CM, it is my belief that is it important to restate that the aim of treatment is to produce an individual at maturity whose function and form is as close to normal as possible. It is axiomatic that this cannot be done without an extra understanding of the forces at play from birth to maturity. The tentative proposition from McCarthy's first paper, and from others that followed, 30 
A literature review of the long-term outcomes
Despite over three decades of performing DO, there is limited data on long-term outcomes. I do not claim to have performed a systematic and/or in-depth review but have drawn on those of Shaw et al, 36 Nagy et al 37 and Pluijmers et al 38 The search was made using PubMed and Embase, using the following terms: This resulted in only 28 articles where DO was applied during growth in patients with functional joints. There were six retrospective reviews, 39 two comparative studies, 40 two prospective studies, 41 three case reports, 42 one systematic review, 43 three reviews, 44 and one comment supporting a review. 45 There were nine articles that were not suitable for analysis:
• where the long-term outcomes were not clearly described 46 • not about distraction 47 • focused on specific outcomes (for example, molar development, 48 speech, 49 distraction of a graft 50 )
• not in English 51 and
• full access not available 52 in the long term.
Thirteen studies reported long-term outcomes. Of the 145 patients with reported outcomes (Suh et al 53 was excluded as it was not clear how many patients had been treated), 91 (63%) patients were reported as having an unsatisfactory outcome, or relapse. 54 Studies that reported positive outcomes attributed success to patients with lesser deformities, 55 operated-on adolescents late in growth, 56 or used multimodal therapies. 57 In addition, Weichman 58 and Baek 59 reported some satisfactory and some unsatisfactory outcomes. The vast majority of articles reviewed according to the criteria above concluded that DO in a growing child with CM was unstable, the condition relapsed, the normal side out-grew the affected side and that further surgery was needed. Ow et al, 61 Because the complexities of this conditionwhich is multisystem, three-dimensional and changes with growth and time-it is not realistic to compare prospective controlled studies. To avoid introducing techniques that might harm patients, or at least be no better than the procedures that they displaced, reference was made to the pathology and pathogenesis of CM, and this provided the best guide at the time.
It was clear that DO could function only, or at least at best, in the presence of a functional joint. Within this S1, S2 (Pruzansky 1 and 11a) there is a wide range of other deformities depending on how much of the neural crest tissue, destined to form the first and second branchial arches, is missing. In patients without a joint, the costochondral graft reconstruction during growth has been well documented and is successful. 71 The suggestion that when the joint is overgrown or inadequate that DO can be used was not considered logical as it is easier and simpler to graft or osteotomise at the end of growth. The vast majority of reports point out limitations in success using DO in growing children. Warnings appeared early, and hard data emerged with time.
It was always in the mild to moderate cases with a functional joint where the potential success would be realised. However, this has not been shown to be the case. No argument appears at all in the literature to support the view that the 'traditional' protocols need to be replaced.
There are six principles that should be applied before the introduction of new technology to a protocol, 74 and I believe that they are more widely applicable than to the condition under Step 1 The evidence is that DO in CM has not replaced the need for orthodontic management nor has it made end of growth surgery redundant.
What were the drivers for introducing distraction in this situation?
Given the difficulties in collecting valid evidence and mounting useful trials, how was it that DO so rapidly dominated the therapeutic approach to CM? There was little evidence that the well thought out protocols similar to that of Harvold 
Conclusion
As the manifestations of the pathology develop during growth (pathogenesis), so the abnormal asymmetrical face is subject to the effects of the functional matrix 82 and to the growth influences so well described by Enlow. 
